Previous studies showed that mice with genetic predisposition for high alcohol consumption as well as human alcoholics show changes in brain expression of genes related to immune signaling. In addition, mutant mice lacking genes related to immune function show decreased alcohol consumption (Blednov et al., 2011), suggesting that immune signaling promotes alcohol consumption. To test the possibility that activation of immune signaling will increase alcohol consumption, we treated mice with lipopolysaccaride (LPS; 1 mg/kg, i.p.) and tested alcohol consumption in the continuous two-bottle choice test. To take advantage of the long-lasting activation of brain immune signaling by LPS, we measured drinking beginning one week or one month after LPS treatment and continued the studies for several months. LPS produced persistent increases in alcohol consumption in C57BL/6 J (B6) inbred mice, FVBxB6F1 and B6xNZBF1 hybrid mice, but not in FVB inbred mice. To determine if this effect of LPS is mediated through binding to TLR4, we tested mice lacking CD14, a key component of TLR4 signaling. These null mutants showed no increase of alcohol intake after treatment with LPS. LPS treatment decreased ethanol-conditioned taste aversion but did not alter ethanol-conditioned place preference (B6xNZBF1 mice). Electrophysiological studies of dopamine neurons in the ventral tegmental area showed that pretreatment of mice with LPS decreased the neuronal firing rate. These results suggest that activation of immune signaling promotes alcohol consumption and alters certain aspects of alcohol reward/aversion.
a b s t r a c t
Previous studies showed that mice with genetic predisposition for high alcohol consumption as well as human alcoholics show changes in brain expression of genes related to immune signaling. In addition, mutant mice lacking genes related to immune function show decreased alcohol consumption (Blednov et al., 2011) , suggesting that immune signaling promotes alcohol consumption. To test the possibility that activation of immune signaling will increase alcohol consumption, we treated mice with lipopolysaccaride (LPS; 1 mg/kg, i.p.) and tested alcohol consumption in the continuous two-bottle choice test. To take advantage of the long-lasting activation of brain immune signaling by LPS, we measured drinking beginning one week or one month after LPS treatment and continued the studies for several months. LPS produced persistent increases in alcohol consumption in C57BL/6 J (B6) inbred mice, FVBxB6F1 and B6xNZBF1 hybrid mice, but not in FVB inbred mice. To determine if this effect of LPS is mediated through binding to TLR4, we tested mice lacking CD14, a key component of TLR4 signaling. These null mutants showed no increase of alcohol intake after treatment with LPS. LPS treatment decreased ethanol-conditioned taste aversion but did not alter ethanol-conditioned place preference (B6xNZBF1 mice). Electrophysiological studies of dopamine neurons in the ventral tegmental area showed that pretreatment of mice with LPS decreased the neuronal firing rate. These results suggest that activation of immune signaling promotes alcohol consumption and alters certain aspects of alcohol reward/aversion. Ó 2011 Elsevier Inc. All rights reserved.
Introduction
Genes encoding proteins involved in ''immune/stress responses'' are one of the most prominent functional groups that exhibit differential gene expression in the frontal cortex between human alcoholics and non-alcoholics (Liu et al., 2006) . Expression of these genes in brain is also related to genetic predisposition for alcohol consumption in mice, indicating a role for pro-inflammatory mediators in regulating alcohol intake (Mulligan et al., 2006) . Analysis of these gene-expression data sets led to the selection of six genes related to neuroimmune pathways, and behavioral testing of genes selected from these studies showed that null mutant mice lacking selected neuroimmune signaling components drink less alcohol (Blednov et al., 2011) . Other evidence linking brain neuroimmune or pro-inflammatory signaling to alcohol action includes the finding that long-lasting increases in levels of several pro-inflammatory cytokines were found in rat brain after chronic treatment with high doses of ethanol followed by injection of lipopolysaccharide (LPS) (Qin et al., 2008) . Interestingly, one of the cytokines that increased in rat brain, MCP-1 (Ccl2), was also increased in the brain of human alcoholics (He and Crews, 2008) . Recently, Kong et al. (2010) found up-regulation of genes in the Toll and Imd innate immune signaling pathways in Drosophila exposed to ethanol, extending the link between alcohol and immune mediators to invertebrates.
We hypothesized that the normal functioning of the immune system maintains drinking at low to moderate levels, whereas activation of the neuroimmune system could promote excessive alcohol consumption. We tested this by using LPS to activate neuroimmune signaling before measuring drinking. LPS is a bacterial endotoxin normally confined to the gut, but it can leak from the gut as a result of chronic alcohol abuse (Mandrekar and Szabo, 2009) . LPS produces activation of the immune system when administered systemically by binding to toll-like receptor 4 (TLR4) found on macrophages, Kupffer and stellate cells in the liver, and endothelial cells (Andonegui et al., 2003; Mandrekar and Szabo, 2009; Suzumura et al., 2006; Zanoni and Granucci, 2010) . TLR4 is also found in the brain on neurons, astrocytes, microglia and endothelial cells (Tang et al., 2007; Mallard et al., 2009) . Some publications suggest that LPS elicits TLR4 signaling in the brain by interactions with these receptors (Chakravarty and Herkenham, 2005; Gosselin and Rivest, 2008) , but others have failed to find LPS within the brain parenchyma after systemic administration 0889-1591/$ -see front matter Ó 2011 Elsevier Inc. All rights reserved. doi:10.1016/j.bbi.2011.01.008
